Introduction

Materials and Methods
Water temperature and seston (SS) of the lake water in front of the Freshwater Experiment Station of Ibaraki Prefecture (Tamatsukuri-machi) were determined, where the experimental net cages were set. SS was determined using a 0.8um Millipore filter.
In order to estimate the effect of temperature on food intake, the oxygen (O2) uptake of 32 grams silver carp was determined in a running water system raising the water temperature at a rate of 2°C per hour in the laboratory. The O2 uptake of the fish was calculated from the difference of dissolved oxygen concentration between the inlet and the outlet of the respiratory chamber, and the water flow rate. To examine the relation between the amount of food intake and the concentration of phytoplankton, the intestine content of three to five individuals of the fish in the net cage were weighed in dry weight in different concentrations of phytoplankton from June to August, 1980 . The determination was carried out at 11:00. The size of the fish was 10 to 50 grams.
The digestive efficiency was determined as follows: Five individual fish weighing 10 to 30 grams were placed in a water tank (30 x 45cm, 25cm water depth) aerated adequately where water temperature was kept at 25+1°C.
The algae (Microcystis spp., Scenedesmus sp. and Chaetoceros sp.) were put into the water tank with 2-3% aluminium powder (60-80 mesh).
The fish were fed algae with aluminium powder and ashes in feces without aluminium powder of control fish (F), feces with aluminium powder of experimental fish (F') were determined.
The digestive efficiency (D. E) was calculated from the following equation.
where A is the ratio of aluminium powder to algae in dry weight (%) and P is ash in phytoplankton.
Cultures of Scenedesmus sp. and Chaetoceros sp. used for this experiment were unialgal. Microcystis spp. were collected from water surface of Lake Kasumigaura using plankton net (GG 8). The bloom collected was centrifuged at 5000 r. p. m. for ten minutes and precipitates were removed.
The estimation of the gross efficiency is one of the objectives of the present study, but the measurement of food intake per day involves considerable difficulty. There -fore, it was calculated from the growth rate of the fish in the experimental ponds (1 x 5 meter, 0.6 meter water depth), where the lake water was flowed in at the rate of 40 liters per minute (57.6 m3 per day). Water volume was identical in each pond, but the number of fish put in were altered to change the concentration of phytoplankton by feeding. The fish were divided into seven lots. The number of fish in each pond was 17, 33, 46, 57, 171 and 250, respectively. The growth rate of the fish was determined at 10-to 30-day intervals using five or six individuals of different size. Each individual was placed independently in its own 2.5 squart meter net cage.
In the present study, gross efficiency (G. E), net efficiency (N. E) and conversion efficiency (C. E) were termed as follows: were dominant during July to mid-August, forming approximately 70% of the whole community.
Thereafter, Anabaena spp. disappeared almost completely and Microcystis spp. formed 50% to 85% of the whole. In 1979, Anabaena spp, appeared from July to mid-August and Microcystis spp. so as to form 50% of the whole. In 1980, Microcystis and Anabaena had decreased and diatoms such as Stephanodiscus sp., Synedra sp. and Melosira sp. made up 40 to 70% of the whole. Therefore, the authors defined the dominant species in each period as follows: Anabaena, from July 26 to Aug. 4, 1978 and from July 25 to Aug. 15, 1979. Microcystis, from Aug. 4 to Sept. 9, 1978 and from Aug. 15 to Sept. 17, 1979; and diatoms, from June to Aug. 7, 1980 .
The 02 uptake of a 32-gram silver carp was determined in order to estimate the effect of temperature on food intake. The 02 uptake increased exponentially with the increase in temperature (T), and the curve was expressed by 0, 073•e°•132'~' (ml•hr-'). When the temperature rose above 25°C, the 02 uptake reached an almost constant state (Fig. 2) .
The changes of intestine content in relation to the concentration of SS is shown in Fig. 3 . The intestine content increased with the increase of SS to approximately The intestine content of silver carp (10-50 g) in a net cage setting in Lake Kasumigaura was determined. In Table 2 are shown the changes of body weight (W). The gain per day (4W) during each period was shown in Table 3 . The logarithm of d W was plotted against the logarithm of W in Fig. 4 The initial and final body weights of the fish in the experimental ponds receiving the lake water were shown in Table 4 . The SS of the lake water flowing in during the experiment was shown in Fig. 5 ; the average value of SS was 26.9 mg•l-'. As mentioned above, the growth rate of silver carp may be expressed by equation (1). Solving equation (1), we obtain equation (2).
position, production and precipitation may be negligible.
Thus, the changes in the concentration of plankton (dCA/dt) is given by equation (4). where Cr, CA, R and Q are the concentration of the phytoplankton in the water flowing in, the concentration of the phytoplankton in the pond, the amount of food intake per day and the volume of inflowing water.
Here, we assume that the food intake follows the surface law and is proportional to the CA within 30 mg•l-', i. e., the food intake (R) is given by equation (5). where KR is a coefficient of feeding. Thus, the change of phytoplankton in the pond is given by equation (6). where WI is the body weight at hatching out, and negligible, because it is too small to compare with the size treated in the present study. The t is days after hatching. We obtain equation (3) by putting Wo and Wi at days t and (t+dt) into equation (2), respectively.
where d t is the experimental period in days. The KG for each case was calculated from equation (3) using the data of Wo and Wz in Table 4 , where the KG calculated was also shown. The KG peak was 62.5 x 10-3 and decreased with the increase in the number of the fish. The fish lost weight at 250 of fish number.
The concentration of the phytoplankton in the pond may be affected by flowing in (Q • C1), flowing out (Q. CA), feeding (R), decomposition, production and precipitation. But the water flow rate (57.6 m3 per day) was so large compared with the water volume of the pond (3.0 m3) that decomwhere N is fish number and V is the water volume of the pond. Solving equation (6), we obtain equation (7).
Furthermore, assuming an equilibrium, we obtain equation (8).
Here, the KR of the food intake per day may be calculated from equation (8), if CA, C1, Q, W and N are determined. The KR is determined as follows; The KG in Table 4 was plotted against N• W2~3 in Fig. 6 , and the relation between KG and N• W2'3 is approximated with
The KG decreased with the increase of fish number. This curve crosses the N. W2'3 axis at 8.2. Further, it continued to decrease to -36.86x103 -at 12.09 of N. W2"3. On the other hand, assuming a net efficiency to be constant, we obtain the proportional relation between the growth rate and the concentration of phytoplankton (CA), because the food intake is proportional to CA mentioned before. Figure 7 gives Fig. 7 . The relation between the growth rate (KG) and plankton concentration (C.4). This relation was obtained by assuming a constant net efficiency (N E), and using 61.9 x 10-2 and --36.86 x 10-2 of KG at CA=O and 26.0 mg•h', respectively.
CM is a concentration of phytoplankton to maintain initial body weight of the fish. 327 this relation, where CM is the concentration of phytoplankton required to maintain the initial body weight.
We obtained already 26.9 and nearly zero mg'i ' for CA at N. W2'3=0 and 12. 09, respectively, i. e., the values of KG are determined to be --36 .86 x 103 and 61.8 x 103 at CA=26.9 and 0 mg-1', -respectively. Therefore, ' we obtain KG = (3.67CA -36.86) x 10.3 as shown in Fig. 7 . This direct line crosses the CA axis at 10.0 mg-1'.
Thus, we obtain 11.87 x 10.3 of KR by putting CA 10.0, N, W2/3=8.2, Q=57.6 and CI=26.9 into equation (8) . Considering the relation between temperature and the metabolic rate, we obtain KR=4.38x10/4e°~32r
(15-25°C).
3-4.
The estimation of conversion efficiency
As descrived previously, we can calculate the food intake per day by using equation (5), and this enables the estimation of the gross efficiency. Thus, the gross efficiency was calculated from equation (5) The results are shown in Table 5 . The conversion efficiencies of diatoms and Microcystis were estimated to be 19.2 and 4.6%, respectively. In the present study, we examined the gross efficiency and the conversion efficiency of phytoplankton in the growth of silver carp, one of the secondary producers. The gross efficiency and the conversion efficiency seem to vary largely with phytoplankton species.
IWATA (1977) reported 60 and 17% of digestive efficiency (assimilation efficiency) for Closterium and Selenastrum, respectively. Nevertheless, the digestive efficiency alone may not determine the conversion efficiency.
The digestive efficiency of Anabaena was not determined in the present study.
Assuming 60% of the digestive efficiency that is equivalent to that of Closterium, we obtain 25% for the conversion efficiency of Anabaena. This value and 19.2% for diatoms are much higher and correspond to that of the artificial diets of carp or rainbow trout for which nutritive requirements have been amply studied.
On the contrary, the conversion efficiency for Microcystis was much lower than that of diatoms, indicating that the low digestibility may be partly related to the low gross efficiency.
IWATA ( On the other hand, ARNOLD (1971) reported that cladoceran might survive only at a very low concentration of blue-green algae, and pointed out its inhibitory effects rather than its poor nutritive value. It is sometimes said that blue-green algae may be too large for zooplankton to ingest. In the present study, we found silver carp 
